The migratory paths of interneurons derived from the ganglionic eminence (GE), and particularly its caudal portion (CGE), remain essentially unknown. To clarify the three-dimensional migration profile of interneurons derived from each part of the GE, we developed a technique involving focal electroporation into a small, defined portion of the telencephalic hemisphere. While the medial GE cells migrated laterally and spread widely throughout the cortex, the majority of the CGE cells migrated caudally toward the caudal-most end of the telencephalon. Time-lapse imaging and an in vivo immunohistochemical study confirmed the existence of a migratory stream depicted by a population of CGE cells directed caudally that eventually reached the hippocampus. Transplantation experiments suggested that the caudal direction of migration of the CGE cells was intrinsically determined as early as embryonic day 13.5. The caudal migratory stream is a novel migratory path for a population of CGE-derived interneurons passing from the subpallium to the hippocampus.
Introduction
The cerebral cortex contains two major classes of neurons, the glutamatergic projection neurons and the GABAergic interneurons. In the developing cerebral cortex, most interneurons are known to derive from the subpallial telencephalon and migrate tangentially into the pallium in mice (Parnavelas, 2000; Corbin et al., 2001; Rubenstein, 2001, 2003; . The subpallium provides interneurons to the neocortex, hippocampus, and olfactory bulb through tangential migration (Anderson et al., 1997b; Lavdas et al., 1999; Sussel et al., 1999; Corbin et al., 2000; Pleasure et al., 2000; Wichterle et al., 2001) . The subpallium can be divided into three major proliferative zones [the medial ganglionic eminence (MGE), the lateral ganglionic eminence (LGE), and the caudal ganglionic eminence (CGE)] based on anatomical and gene expression features (Casarosa et al., 1999; Sussel et al., 1999; Corbin et al., 2000; Puelles et al., 2000; Nery et al., 2002) . Although the MGE is known to be the main source of tangentially migrating interneurons (Lavdas et al., 1999; Sussel et al., 1999; Pleasure et al., 2000) , the CGE and LGE also give rise to interneurons destined to the neocortex and hippocampus or the olfactory bulb (Wichterle et al., 1999 (Wichterle et al., , 2001 Corbin et al., 2000; Anderson et al., 2001; Nery et al., 2002) . Recently, research efforts have focused on revealing the mechanisms that control the tangential migration from the subpallium to the developing cerebral cortex (Denaxa et al., 2001; Powell et al., 2001; Polleux et al., 2002; Wichterle et al., 2003; Alifragis et al., 2004; Flames et al., 2004) . Because all of these reports have focused on interneurons derived from the MGE or LGE, little is known about the migratory profile of CGE-derived interneurons.
In an attempt to analyze the characteristics of the interneuron migration, particularly CGE-derived interneuron migration, we developed a technique to transfect and label a population of interneurons derived from a small, defined portion of the telencephalic hemisphere. Using this technique, in combination with whole-mount telencephalic hemisphere cultures, we were able to visualize the migration of interneurons derived from specific parts of the ganglionic eminence (GE). While the MGE cells migrated laterally and spread widely throughout the cortex, the majority of CGE cells migrated caudally toward the caudal-most end of the telencephalon. Time-lapse imaging of slice cultures and an in vivo immunohistochemical study also clearly revealed a caudally directed migratory stream of a population of CGE cells that eventually reached the hippocampus. Transplantation experiments suggested that the mechanisms controlling the direction of the migration of the CGE and MGE cells from the subpallium to the developing cerebral cortex were distinct from each other and that these mechanisms were intrinsically determined in the mi- Time-lapse imaging. Time-lapse analyses were performed as described previously (Tabata and Nakajima, 2003) . Briefly, after the electroporated E13.5 telencephalic hemispheres had been cultured for 40 h, coronal or horizontal brain slices (200 m thick) were made, placed on a Millicell-CM (pore size, 0.4 m; Millipore, Bedford, MA), mounted in collagen gel, and cultured in Neurobasal medium containing B27 (Invitrogen, San Diego, CA). The dishes were then mounted in a CO 2 incubator chamber (5% CO 2 at 37°C) fitted onto a confocal microscope (FV300; Olympus Optical, Tokyo, Japan). Approximately 10 -20 optical Z sections (Z-steps; 5 m) were obtained automatically every 15 min, and all of the focal planes (50 -100 m thick) were merged to visualize the shape of the entire cell.
Injection of bromodeoxyuridine. Pregnant ICR mice were given injections of 50 g of bromodeoxyuridine (BrdU; Sigma) per gram of body weight, as described previously (Yozu et al., 2004) .
Immunohistochemistry. The immunohistochemical analyses were performed as described previously (Tabata and Nakajima, 2001) . Briefly, deeply anesthetized animals were fixed by perfusion with 4% paraformaldehyde (PFA) in 0.1 M sodium phosphate buffer, pH 7.4. The brains were then dissected out and postfixed in 4% PFA for 12-16 h at 4°C. For the immunostaining, horizontal sections (14 m thick) were made using a cryostat (CM1900; Leica) and incubated overnight with the following primary antibodies: anti-calbindin (rabbit polyclonal; 1:1000; Swant, Bellinzona, Switzerland) and anti-calretinin (rabbit polyclonal; 1:1000; Chemicon, Temecula, CA). After washing, the sections were incubated with FITC-conjugated anti-rabbit IgG (1:100; Cappel, Aurora, OH) and propidium iodide (PI) (1 g/ml; Molecular Probes, Eugene, OR) at room temperature for 1 h. For the BrdU staining, the sections were treated with 2N HCl at 37°C for 30 min, rinsed in PBS, and processed for immunostaining using anti-BrdU (mouse monoclonal; 1:50; Becton Dickinson, San Jose, CA) as the primary antibody and tetramethylrhodamine isothiocyanate-conjugated anti-mouse IgG (1: 200; Jackson ImmunoResearch, Baltimore Pike, PA) as the secondary antibody. Images were acquired using a confocal microscope (FV300; Olympus). For the immunohistochemical analysis of the cultured telencephalic hemisphere, hemispheres were fixed in 4% PFA for 12-16 h at 4°C and processed for immunohistochemical analysis as described above.
Statistical analysis. Significant differences in this study were determined using a two-tailed Student's t test.
Results

MGE cells migrate laterally and spread widely throughout the cerebral cortex
To clarify the three-dimensional migratory profile of interneurons originating from each part of the GE, we initially dissected out the E13.5 mouse telencephalic hemisphere and performed focal electroporation into the MGE. FITC-labeled oligonucleotide was used as a marker to confirm that the site of gene transfer was indeed specific to the MGE ( Fig. 1 A-C) . After electroporating an expression vector for red fluorescent protein (DsRedEx/ CAG) into the MGE, the telencephalic hemispheres were cultured for 40 h, and the MGE-derived fluorescent cells were observed. For the quantitative analysis, the distribution of the MGE-derived fluorescent cells in the medial view was subdivided into four sectors (Fig. 1Q) , and the percentage of fluorescent cells that had migrated into each sector was counted. After 40 h in vitro (n ϭ 3 brains), the MGE cells had migrated laterally and had spread widely throughout the cortex (Fig. 1 D, E,Q,R) . In the cau- dal direction, only 7.9 Ϯ 2.6% (SD) of the MGE-derived fluorescent cells migrated into sector 4. The coronal sections (300 m thick) of the cultured telencephalic hemispheres showed robust tangentially migrating cells from the MGE to the cortex (Fig. 1 F) . To examine the brain condition and the ability of the MGE cells to migrate after 40 h in the entire telencephalic hemisphere cultures, we performed time-lapse imaging of the MGE cells in slice cultures (supplemental Fig. 2 and supplemental movie 1, available at www.jneurosci.org as supplemental material). Coronal slices of cultured telencephalic hemispheres were prepared at 40 h in vitro after local electroporation into the MGE at E13.5. A number of MGE cells migrated tangentially from the MGE to the cortex. This migratory behavior of the MGE cells was consistent with the numerous previous observations using the well established slice culture system (de Carlos et al., 1996; Anderson et al., 1997b; Tamamaki et al., 1997; Lavdas et al., 1999; Wichterle et al., 1999; Polleux et al., 2002; Tanaka et al., 2003) . These results imply that the brain condition was fairly well preserved at 40 h in the entire telencephalic hemisphere cultures. To observe the morphology of the migrating cells in the cortices, coronal thin sections (14 m thick) of the cultured telencephalic hemispheres were prepared ( Fig. 1G-P) . The sections showed tangentially oriented morphology of the migrating cells from the lateral cortex to the medial cortex ( Fig 
A population of CGE-derived cells migrate caudally toward the caudalmost end of the telencephalon
To visualize the migration of the CGEderived interneurons specifically, we next performed focal electroporation into the CGE of telencephalic hemispheres on E13.5. An FITC-labeled oligonucleotide clearly showed that the electroporation was indeed specifically performed into the CGE ( Fig. 2 A-C) . After electroporating the DsRedEx/CAG into the CGE, the telencephalic hemispheres were cultured for 40 h, and the CGE-derived cells were observed. For the quantitative analysis, the distribution of the CGE-derived fluorescent cells in the medial view was subdivided into four sectors (Fig. 2 I) . After 40 h in vitro (n ϭ 3 brains), the majority of the CGE cells had migrated caudally toward the caudal-most end of the telencephalon (Fig. 2 D-F, I , K ). Overall, 55.2 Ϯ 5.6% (SD) of the CGE-derived fluorescent cells had migrated into sector 4, which was significantly more than that of the MGE-derived cells ( p ϭ 0.0096) (Fig. 2 J) . The horizontal sections of the cultured telencephalic hemispheres showed the CGE cells migrated caudally (Fig.  2G ,H ).
Time-lapse imaging of the caudally migrating cells derived from the CGE
To clarify the dynamics of the caudally migrating cells, we next performed time-lapse imaging of the CGE-derived cells in slice cultures. Horizontal slices of cultured telencephalic hemispheres were prepared at 40 h in vitro after local electroporation into the CGE at E13.5. A significant number of the CGE-derived cells exhibited a clear migratory stream from the site of electroporation in the CGE to the hippocampus (Fig. 3 A, B , open arrowheads, solid arrowheads, D) (supplemental movie 2, available at www.jneurosci.org as supplemental material). Within the CGE, the migratory speed of the individual cells was fairly rapid, averaging 109 Ϯ 20.7 m/h (SD) (n ϭ 16 cells in three slices). The CGE-derived cells in the migratory stream changed their direction and moved toward the marginal zone (MZ) before entering the hippocampus or within the hippocampus (Fig. 3 B, C , solid arrows, D) (supplemental movie 3, available at www. jneurosci.org as supplemental material). The CGE-derived cells that reached the MZ could be observed on the surface of the telencephalic hemispheres cultured for 40 h in vitro (supplemental Fig. 3 , available at www.jneurosci.org as supplemental material). The migration of interneurons in the MZ derived from the GEs, including the CGE, has been well documented (Nery et al., 2002; Polleux et al., 2002; Ang et al., 2003) . Some CGE-derived cells migrated in the opposite direction to the stream (Fig. 3B , open arrows, D) (supplemental movie 2, available at www. jneurosci.org as supplemental material). The morphological features and migratory behavior of the migrating CGE-derived cells resembled those of "branching cells"; this migratory mode is characteristic of a subset of cortical interneurons (Nadarajah et al., 2003) that are highly motile in the formation and retraction of their processes (supplemental movie 2, available at www. jneurosci.org as supplemental material).
A population of the caudally migrating cells are calbindin immunoreactive
To investigate the characteristics of the caudally migrating cells, we performed an immunohistochemical analysis of the cultured telencephalic hemispheres. After electroporating DsRedEx/CAG into E13.5 CGE, the telencephalic hemispheres were cultured for 40 h, and horizontal sections were made. In the caudal-most end of the telencephalon, the CGE-derived cells that had not migrated toward the cortical MZ had turned toward the hippocampus (Fig.  4 A, B) . When the horizontal sections were immunostained with anti-calbindin, a well known marker for a population of migrating embryonic GABAergic interneurons (Anderson et al., 1997b) , the CGE-derived cells could be classified as strongly positive, weakly positive, or negative populations (Fig. 4C-F ) . When both strongly positive and weakly positive populations were regarded as calbindin positive, a quantitative analysis of the caudalmost cortices of the telencephalon revealed that 61.3 Ϯ 3.8% (SD) (n ϭ 294 cells, four hemispheres) of the CGE-derived cells were calbindin positive. Because a recent report showed that calretinin-expressing interneurons appeared to derive mainly from the CGE (Xu et al., 2004) , we also performed immunostaining with anti-calretinin, a marker of a subtype of GABAergic interneurons. However, the CGE-derived cells were calretinin negative at this embryonic stage (data not shown). This finding was likely related to the fact that most specific markers of GABAergic interneuron subsets, including calretinin, begin to be expressed during the first postnatal week (Gall et al., 1984; Takeda et al., 1989; Hill et al., 1994; de Lecea et al., 1995 de Lecea et al., , 1997 Avishai-Eliner et al., 1996; Freund and Buzsaki, 1996) .
Existence of the CMS in vivo
To examine whether caudally migrating cells exist in vivo, we performed an immunohistochemical analysis of mouse embryonic brains. Because caudally migrating cells were observed in hemisphere preparations obtained at E13.5 after 40 h in vitro, E15.5 mouse embryonic brains were used for this analysis. The horizontal sections of E15.5 mouse embryonic brains were immunostained with anti-calbindin (Fig. 5A-D) . A significant number of calbindin-positive cells depicted a clear migratory stream from the CGE (Fig. 5C, arrows) to the hippocampus (Fig.  5D, arrows) . Some calbindin-positive cells migrated rostrally in the stream (Fig. 5C, arrowhead) . To investigate the birth date of the caudally migrating cells, we performed a birth-dating analysis using BrdU. Horizontal sections of brains, taken from E15.5 mice that had received a single pulse of BrdU on E12.5 (Fig. 5E-H ) or E13.5 (Fig. 5I-L) , were double immunostained with anticalbindin and anti-BrdU. Among all of the calbindin-positive caudally migrating cells, 35.7 Ϯ 1.8% (SD) (n ϭ 629 cells, three animals) were BrdU positive in animals that had received a BrdU injection on E12.5, whereas 25.0 Ϯ 3.2% (SD) (n ϭ 849 cells, three animals) were BrdU positive in animals that had received a BrdU injection on E13.5, suggesting that at least some of the caudally migrating cells were early-born neurons, although the results do not exclude a later-born contribution from the CGE.
Homotopic transplantation of MGE cells to the MGE and heterotopic transplantation of CGE cells to the MGE
To clarify whether the different migration profiles of the CGE cells and the MGE cells were attributable to differences in their local environment or cell-intrinsic mechanisms, we performed transplantation experiments using telencephalic hemisphere cultures. First, we performed a homotopic transplantation of MGE cells to the MGE and a heterotopic transplantation of CGE cells to the MGE (Fig. 6 A) . Donor cells (MGE in the homotopic transplantation and CGE in the heterotopic transplantation) in the E13.5 hemisphere were locally electroporated with an FITClabeled oligonucleotide and the DsRedEx/CAG vector, and the transfected cells were dissected out as small fragments. These fragments were then transplanted into the MGE of another E13.5 hemisphere. FITC fluorescence was used to confirm the site of transfection in the donor hemispheres as well as the site of transplantation in the host hemispheres (Fig. 6 B) . For the quantitative analysis, the number of cells that had migrated out of the MGE after 40 h of culture was counted. When the electroporated E13.5 MGE cells were transplanted into the E13.5 MGE (n ϭ 4), many MGE cells migrated out of the MGE and moved laterally toward the cerebral cortex (Fig. 6C-F, K, L) . However, when the electroporated E13.5 CGE cells were transplanted into the E13.5 MGE (n ϭ 4), a significantly smaller number of CGE cells migrated out of the MGE ( p ϭ 0.00072) (Fig. 6G-J, K, M ) . These results suggest that the local environment in the MGE was not sufficient to cause the CGE cells to migrate laterally, like MGE cells. As for the migration from the subpallium to the developing cerebral cortex, the CGE cells appear to have acquired different intrinsic mechanisms causing them to behave distinctly from MGE cells by this stage (E13.5) of development.
Homotopic transplantation of CGE cells to the CGE and heterotopic transplantation of MGE cells to the CGE
To investigate whether the local environment in the CGE is sufficient to cause cells to move like CGE-derived cells, we next performed the homotopic transplantation of CGE cells to the CGE and the heterotopic transplantation of MGE cells to the CGE using telencephalic hemisphere cultures (Fig. 7A) . The donor CGE or MGE cells in the E13.5 hemisphere were labeled with an FITC-labeled oligonucleotide and the DsRedEx/CAG vector. The appropriate site of transplantation (CGE) in the host E13.5 hemispheres was confirmed using FITC fluorescence (Fig. 7B) . For the quantitative analysis, the distribution of the transplanted cells was subdivided into four sectors: rostral (R), lateral (L), caudal (C), and medial (M). After 40 h of culture, the number of transplanted cells in C or RϩL was counted. When electroporated E13.5 CGE cells were transplanted into the E13.5 CGE (n ϭ 4; total, 570 cells), most of the CGE cells migrated caudally (Fig. 7C-E, I , M ). When electroporated E13.5 MGE cells were transplanted into the E13.5 CGE (n ϭ 4; total, 673 cells), the MGE cells migrated laterally and rostrally ( Fig.  7F-H, J, N ) . In sector C, the percentage of transplanted MGE cells was significantly smaller than that of transplanted CGE cells ( p ϭ 0.0015). In sector RϩL, the percentage of transplanted MGE cells was significantly larger than that of transplanted CGE cells ( p ϭ 0.0019). These results suggest that the local environment in the CGE is not sufficient to cause the MGE cells to behave as CGE-derived cells and that the migratory mechanisms of MGE cells and CGE cells are intrinsically determined as early as E13.5. Thus, the combination of the CGE local environment and the cell-intrinsic machinery in CGE-derived cells is important for the caudally directed migration of these cells.
Discussion
Although the caudal migration of CGE-derived cells was originally suggested by Nery et al. (2002) in fixed brains of Dlx2-tauLacZ knock-in mice, the migratory behavior of these cells has not been directly analyzed in detail. Here, we have provided direct evidence that CGE-derived cells do migrate caudally and have further characterized this pathway in the developing mouse forebrain. While MGE cells migrated laterally and spread widely throughout the cerebral cortex, CGE cells migrated caudally toward the caudal-most end of the telencephalon. Because this migration path differs from the well known streams of MGE/LGEderived interneurons, we named this novel migratory stream the CMS.
Focal electroporation into the telencephalic hemisphere and entire telencephalic hemisphere cultures
To analyze the tangential migration of GABAergic interneurons from the subpallium to the pallium, we developed a new technique combining focal electroporation into the telencephalic hemisphere and entire telencephalic hemisphere cultures to visualize the migration of interneurons from specific parts of the hemispheres. In the entire telencephalic hemisphere cultures, the present work ( Fig. 1 F-P) (supplemental Fig. 2 and supplemental movie 1, available at www. jneurosci.org as supplemental material) and the other works (Nagata and Terashima, 1994 ; Honda, Tabata, and Nakajima, unpublished observations) showed that the neuronal migration occurred at least with similar physiological integrity to that in the slice cultures reported previously (de Carlos et al., 1996; Anderson et al., 1997b; Tamamaki et al., 1997; Lavdas et al., 1999; Wichterle et al., 1999; Polleux et al., 2002; Tanaka et al., 2003) . Our new technique has several advantages over previous experimental approaches. The main advantage of focal electroporation over DiI (1,1Ј-dioctadecyl-3,3,3Ј,3Ј-tetramethylindocarbocyanine perchlorate) labeling is that the new technique allows us to perform overexpression or loss-offunction experiments using any molecule related to interneuron migration. Moreover, particular structures of the developing brain can be specifically labeled using focal electroporation. The main advantage of telencephalic hemisphere cultures over slice-culture experiments is that the new technique allows us to analyze the neuronal migration in three dimensions. In the present study, if we had performed the experiments using ordinary coronal slices of the brain, we would have been unable to observe the CMS. A new approach to in utero imaging of the MZ in living mouse embryos was recently reported by Ang et al. (2003) . Their in utero imaging approach has an advantage over entire telencephalic hemisphere cultures in that the physiological integrity of interneuron migration is preserved. However, precise manipulation, such as specific cell labeling or gene transfection into a small, defined portion of the GE, would be more easily and accurately accomplished using the new technique reported in this study.
Characteristics of CGE-derived cells
Recently, attempts have been made to characterize the neuronal subtypes that arise in each part of the GE (Nery et al., 2002 (Nery et al., , 2003 Ang et al., 2003; Tamamaki et al., 2003; Lopez-Bendito et al., 2004; Xu et al., 2004) . Xu et al. (2004) reported that parvalbuminand somatostatin-expressing interneurons originated primarily within the MGE, whereas calretinin-expressing interneurons derived mainly from the CGE. Lopez-Bendito et al. (2004) demonstrated that many of the GAD65-green fluorescent protein (GFP) cells, which were born mostly at late stages and preferentially in the CGE, expressed calretinin. Unfortunately, we could not observe calretinin-expressing CGE cells in the present study, most likely because of the limited culture time for the entire telencephalic hemisphere cultures (discussed above). In the present study, in vitro and in vivo immunohistochemical analyses revealed that a population of the caudally migrating cells were calbindin immunoreactive (Figs. 4, 5) . In the caudal-most cortices, 61.3% of the CGE-derived cells were either strongly positive or weakly positive for calbindin (Fig. 4C-F ) . Lopez-Bendito et al. (2004) reported that only 4% of the GAD65-GFP cells were calbindin immunoreactive in the embryonic stage. This difference in calbindin immunoreactivity may be attributable to the distinct population of the cells examined. Although GAD65-GFP cells are mainly generated in the CGE during the late stages of embryonic development, these cells also arise throughout embryonic development and from all three GEs. In the present study, we specifically labeled the CGE cells in the early stage of embryonic development (E13.5). Ang et al. (2003) suggested that the migrating interneurons in the MZ emerging from the CGE were calbindin immunoreactive. Furthermore, Nery et al. (2002 Nery et al. ( , 2003 suggested that tangentially migrating interneurons, including CGE cells, became calbindin immunoreactive once they differentiated.
Role of the CMS in the developing mouse forebrain
In the present study, the transplantation experiments suggested that the direction of migration from the subpallium to the developing cerebral cortex was already determined in CGE and MGE cells by at least E13.5 through a combination of the local environment and cellintrinsic mechanisms in the migrating GE cells. This conclusion is consistent with the results by Nery et al. (2002) , who reported the early commitment of MGE and CGE cell migration by E13.5. They performed in utero transplantation and observed that at postnatal day 21, MGE cells that had been heterotopically transplanted to the CGE at E13.5 migrated to the cortex in a pattern similar to that of MGE homotopic transplants, suggesting that the MGE and CGE cells had intrinsically different migratory properties that had been specified by E13.5.
When the distribution of the CGEderived cells in the cultured telencephalic hemispheres was analyzed at 40 h after focal electroporation into E13.5 CGE (Fig.  2 D-F,I ), the majority of the CGE-derived cells migrated caudally toward the caudalmost end of the telencephalon. Some CGE-derived cells, however, also migrated laterally or rostrally (Fig. 2 I) . Because we observed that the MGE cells migrated laterally through the LGE and CGE to the cerebral cortex (Fig. 1 D, E) , MGE cells passing through the CGE would also have been labeled by the electroporation into the CGE. Thus, the laterally and rostrally migrated cells observed after focal electroporation into the CGE may have included MGE-derived cells that had passed through the CGE region during electroporation.
Time-lapse imaging of slice cultures and an in vivo immunohistochemical study revealed a clear migratory stream of a population of CGE-derived cells from the CGE to the hippocampus (Figs. 3-5) . We also observed that some of the CGEderived cells in the migratory stream changed their direction toward the MZ before entering the hippocampus or within the hippocampus, whereas others reached the MZ of the posterior cerebral cortex (Fig. 3B-D) (supplemental Fig. 3 , available at www.jneurosci.org as supplemental material). These observations are consistent with results showing that CGE cells contribute to many mature structures in the adult brain, including the hippocampus and posterior cerebral cortex, as shown in the in vivo fate-mapping experiment (Nery et al., 2002) . The transcription factor Dlx2, which is required together with Dlx1 for the differentiation of interneurons (Anderson et al., 1997a,b; Marin et al., 2000) , is expressed in the subpallial telencephalon, including the MGE, LGE, and CGE (Nery et al., 2002) . Previous analyses in mice carrying a mutation in both Dlx1 Small fragments dissected from the locally electroporated CGE and labeled with FITC oligonucleotides were transplanted into the CGE of other E13.5 hemispheres. C-H, Small fragments of the CGE (C-E) or MGE (F-H ) taken from the locally electroporated E13.5 hemisphere and labeled with DsRedEx/CAG were transplanted into the CGE of other E13.5 hemispheres, and the hemispheres were cultured for 40 h. C-E, When the electroporated CGE cells were transplanted into the CGE, most of the transplanted cells migrated caudally. and Dlx2 (Dlx-1/2) revealed that the number of GABAergic interneurons in the cerebral cortex and hippocampus was lower than normal: ϳ25 and 0% of GABAergic interneurons remained in these structures, respectively (Anderson et al., 1997b; Pleasure et al., 2000) . An analysis in mice lacking the Nkx2.1 homeobox gene, in which the MGE is respecified to produce LGE cells, revealed that the number of GABAergic interneurons was also lower than normal in the cerebral cortex and hippocampus but that these reductions were more moderate than those in Dlx-1/2 mice: ϳ50 and 30 -40% of GABAergic interneurons remained in these structures, respectively (Sussel et al., 1999; Pleasure et al., 2000) . The in vivo fate-mapping experiment of E13.5 LGE cells showed that E13.5 LGE cells contributed to neither the adult cerebral cortex nor the hippocampus (Nery et al., 2002) . Although several reports have shown that the late developmental stage of the LGE or other structures outside the GEs supply GABAergic interneurons to the cerebral cortex or hippocampus (Anderson et al., 1997a (Anderson et al., , 2001 Marin et al., 2000) , the present study suggests that at least a population of CGE cells migrating along the CMS may supply interneurons to the hippocampus and posterior cerebral cortex. Further analysis of the molecular mechanisms regulating the CMS will be essential to understanding the development of the brain.
